Introduction. Streptococcus pneumoniae is one of the most common causes of respiratory infections. The aim was to study the susceptibility to antimicrobial agents of respiratory isolates of Streptococcus pneumoniae obtained from hospitalized children. Material and Methods. A total of 190 respiratory pneumococcal isolates obtained from children aged from 0 to 14 years were isolated and identified by using standard microbiological methods. Susceptibility to oxacillin, erythromycin, clindamycin, tetracycline, cotrimoxazole, ofloxacin and rifampicin was tested by disc diffusion method. Minimal inhibitory concentrations for amoxicillin and ceftriaxone were determined by means of E test. The macrolide-resistant phenotype was detected by double disc diffusion test. Results. All tested isolates were susceptible to amoxicillin and ceftriaxone. The minimal amoxicillin concentration inhibiting the growth of 50% of isolates and of 90% of isolates was 0.50 μg/ml and 1.0 μg/ml, respectively and the minimal ceftriaxone concentration inhibiting the growth of 50% of isolates and of 90% of isolates was 0.25 μg/ml and 0.50 μg/ml, respectively. Susceptibility to erythromycin and clindamycin was observed in 21.6% and 29.47% of isolates, respectively. The resistence to macrolides -M phenotype was detected in 10.07% of isolates and constitutive macrolide-lincosamide-streptogramin phenotype (constitutive MLS phenotype) was found in 89.93% of isolates. All tested isolates were susceptible to ofloxacin and rifampicin. Conclusion. Amoxicillin could be the therapy of choice in pediatric practice. The macrolides should not be recommended for the empirical therapy of pneumococcal respiratory tract infection in our local area. Key words: Streptococcus pneumoniae; Child; Macrolides; Amoxicillin; Respiratory Tract Infections; Anti-Bacterial Agents; Microbial Sensitivity Tests; Hospitals Sažetak Uvod. Streptococcus pneumoniae predstavlja jedan od najčešćih uzročnika infekcija respiratornog trakta. Cilj istraživanja bio je ispitati osetljivost izolata Streptococcus pneumoniae dobijenih iz materijala hospitalizovane dece sa infekcijom respiratornog trakta. Materijal i metode. Istraživanjem je obuhvaćeno 190 pneumokoknih izolata dobijenih iz endotrahealnih aspirata dece uzrasta 0�14 godina. Identifikovanje je izvršeno primenom standardnih mikrobiološ-kih metoda. Primenom disk-difuzione metode ispitivana je osetljivost na oksacilin, eritromicin, klindamicin, tetraciklin, trimetoprim/sulfametoksazol, ofloksacin i rifampicin. Osetljivost na amoksicilin i ceftriakson ispitivana je određivanjem minimalnih inhibitornih koncentracija primenom E-testa. Fenotip rezistencije na makrolide određivan je primenom duplog disk-testa diskovima eritromicina i klindamicina. Rezultati. Svi izolati bili su osetljivi na amoksicilin i ceftriakson. Minimalna inhibitorna koncentracija amoksicilina koja inhibira rast 50% izolata iznosila je 0,50 μg/ml dok je za 90% izolaμg/ml dok je za 90% izolag/ml dok je za 90% izolata iznosila 1 μg/ml. Minimalna inhibitorna koncentracija ceftriaksoμg/ml. Minimalna inhibitorna koncentracija ceftriaksog/ml. Minimalna inhibitorna koncentracija ceftriaksona koja inhibira rast 50% izolata iznosila je 0,25 μg/ml dok je za 90% izolata iznosila 0,50 μg/ml. Na eritromicin je bilo osetljivo 21,6% a na klindamicin 29,47% izolata. Kod 10,07% izolata detektovana jerezistencija na makrolide -M fenotip, dok je čak 89,93% izolata pokazalo rezistenciju na makrolide, linkozamide i streptogramine (konstitutivni MLS fenotip). Svi ispitivani izolati bili su osetljjivi na ofloksacin i rifampicin. Zaključak. Ampicilin predstavlja lek izbora u empirijskoj terapiji respiratornih infekcija kod dece. U našoj sredini makrolide ne bi trebalo primenjivati u empirijskoj terapiji infekcija izazvanih pneumokokom.
Introduction
Streptococcus pneumoniae (S. pneumoniae) is the cause of respiratory tract infections, otitis media, sinusitis, bacteriemia, and meningitis. Children, old people, persons with functional or anatomic asplenia and immunocompromised adults represent the most sensitive population for the development of infections caused by this bacterium.
Penicillin used to be the treatment of choice for pneumococcal infections for very long. However, the information about an ever increasing resistance to penicillin has caused the changes in the empirical therapeutic approach in community-acquired respiratory tract infections [1, 2] . A previous study has demonstrated that the resistance to penicillin is detected in 65% of invasive isolates obtained from pediatric patients [3] . Pneumococcal isolates demonstrating a high level of resistance to cephalosporins (minimal inhibitory concentration, (MICs ≥ 4 μg/ml)) are rare; nevertheless, they have been reported in some countries [4] .
Macrolides have frequently been used and when overused, the resistance of pneumococci to these antimicrobial agents has been reported. A more recent study of the resistance of respiratory isolates of S. pneumoniae obtained from pediatric patients performed in Serbia (the territory of Belgrade) has shown the resistance to macrolides in 36.6% of the cases [5] .
The data on regional or local susceptibility patterns can be very significant in the selection of empirical therapy. Limited data are available about the susceptibility of respiratory isolates in hospitalized children. Therefore, this study was aimed at examining the susceptibility pattern of pneumococcal isolates obtained from the respiratory tract of children hospitalized in the Clinical Center of Niš, south-eastern Serbia.
Material and Methods
The study sample consisted of isolates of S. pneumoniae obtained from hospitalized children. Pneumococcal isolates were obtained from the tracheal aspirates of 190 pediatric patients admitted with respiratory tract infections. Duplicate isolates from the same patient were excluded from the analysis. The aspirates were collected in the period from January 2012 to July 2014. The patients were between 1 month and 14 years of age (median age being 3.31 years). The children were divided into three age groups: 0-1 year; 1-2 years; and 2-14 years. S. pneumoniae was identified according to the colony morphology, alpha hemolysis, Gram staining, optochin susceptibility and commercial agglutination test (bioMerieux, Marcy l'Etoile, France).
Antibiotic susceptibility testing was performed using the disc diffusion method according to the Clinical and Laboratory Standards Institute (CLSI) guidelines and criteria for interpretation [6] . Susceptibility of all isolates was tested using the discs of oxacillin 1 μg for screening penicillin resistance, erythromycin, clindamycin, tetracycline, cotrimoxazole, ofloxacin and rifampicin (Neo-Sensitabs, Rosco Diagnostica, Taastrup, Denmark). Minimal inhibitory concentrations for amoxicillin and ceftriaxone were determined by using the E test (bioMerieux, Marcy l'Etoile, France) and the results were interpreted according to the CLSI breakpoints for nonmeningeal isolates.
The macrolide resistance phenotype was detected by means of the double disc diffusion test, using the erythromycin and clindamycin discs placed 15 mm apart from each other. Isolates resistant to erythromycin and showing a circular zone around clindamycin were defined as the M phenotype; isolates showing a D-shaped zone of inhibition around the disc of clindamycin were defined as the MLS inducible phenotype; isolates with a circular zone of inhibition whose diameter was smaller than the diameter in the sensitive isolates around both erythromycin and clindamycin or without the zone of inhibition were defined as the constitutive (macrolide-lincosamide-streptogramin) MLS phenotype.
S. pneumniae ATCC 49619 strain was used for the purpose of quality control.
Results
A total of 190 isolates of S. pneumoniae were included in the study. The seasonal distribution of respiratory isolates of S. pneumoniae is given in Graph 1.
The isolates were collected from 113 (59.47%) boys and 77 (40.53%) girls. Regarding the age group distribution, 62 (32.63%) isolates were obtained from the children in the group from 0 to 1 year, 39 (20.52%) and 89 (46.84%) were taken from the children between 1 to 2 years and 2 to 14 years of age, respectively.
A total of 176 (92.63%) isolates were resistant to oxacillin ( Table 1) . For all isolates, the MICs to amoxicillin and ceftriaxone were determined in order to interpret the susceptibility to beta lactam antibiotics. All tested isolates were susceptible to amoxicillin and ceftriaxone. For amoxicillin, minimal inhibitory concentrations inhibiting 50% of isolates (MIC 50 ) and 90% of isolates (MIC 90 ) were 0.50 μg/ml and 1.0 μg/ml, respectively (ranging from 0.016 μg/ml to 2.0 μg/ml). For ceftriaxone, MIC 50 and MIC 90 were 0.25 μg/ml and 0.50 μg/ml, respectively (ranging from 0.016 μg/ml to 1.0 μg/ml). Out of all tested isolates, 84 (44.21%) had an amoxicillin MIC ≤ 0.50 μg/ml and 144 (75.79%) MIC ≤ 1.0 μg/ml. Fifty-four (28.42%) isolates had a ceftriaxone MIC ≤ 0.25 μg/ml and 124 (65.26%) a MIC ≤ 0.50 μg/ml (Graph 2). The susceptibility to other tested non beta-lactam antibiotics is presented in Table 2 . Out of all tested isolates, 41 (21.6%) were susceptible to erythromycin and 56 (29.47%) to clindamycin. A low rate of susceptibility to erythromycin was detected in all age groups (14.51%; 25.64%; 24.72%). There were two different phenotypes of macrolide resistance among 149 isolates of S. pneumoniae: the M phenotype was detected in 15 (10.07%) isolates and constitutive MLS (resistant to erythromycin and clindamycin) in 134 (89.93%) isolates. There were 54.21% and 36.02% of isolates susceptible to tetracycline and cotrimoxazole, respectively. The susceptibility to tested antibiotics did not reveal significant differences among age groups. All tested isolates were susceptible to ofloxacin and rifampicin.
Discussion
S. pneumoniae is an organism which can be a colonizer in healthy children, but it is also one of the most common causes of respiratory infections. In case of severe respiratory tract infection, children often have to be hospitalized. The resistance of S. pneumoniae to antimicrobial agents could delay adequate treatment, which could lead to a higher risk for development of an invasive infection [7] .
Detection of S. pneumoniae isolates resistant to penicillin in the 1960s, as well as the growth of resistance rates with time, caused an ever decreasing use of penicillin. Amoxicillin and cephalosporins are increasingly used in the therapy of pneumococcal infections, in addition to antibiotics from other classes [4] .
The Alexander Project is the surveillance study that examined the susceptibility of bacteria causing community-acquired respiratory tract infections. The data from this study demonstrated that 95.1% of pneumococcal isolates collected in 26 countries were susceptible to amoxicillin. Only 11.5% of isolates resistant to penicillin were resistant to amoxicillin as well [8] . Moreover, orally administered amoxicillin exhibited a better pharmacokinetic profile than orally administered penicillin [9] . According to these findings, amoxicillin could be an appropriate agent for the treatment of respiratory tract infection. Since the resistance to antimicrobial agents shows geographical variations, it is essential to know the susceptibility of the etiological agent present in the local hospital. Monitoring of the resistance trends makes it possible to introduce adequate initial therapy.
In this study, we evaluated the susceptibility of respiratory isolates of S. pneumoniae isolated from hospitalized children. These are the first data on the susceptibility of non-invasive S. pneumoniae in hospitalized patients. The susceptibility to the following commonly used antibiotics was evaluated: two beta lactam antibiotics (amoxicillin and ceftriaxone), erythromycin, clindamycin, tetracycline, ofloxacin, cotrimoxazole and rifampicin.
All tested isolates were sensitive according to the CLSI breakpoints for amoxicillin for non-invasive S. pneumoniae (S ≤ 2 μg/ml to R 8 ≥ μg/ml). The data from the study performed by Lismond et al., which evaluated the sensitivity of respiratory isolates of S. pneumoniae obtained from children and adults, have shown that only 3.2% of isolates are non-susceptible to amoxicillin. However, MIC 50 and MIC 90 in the isolates evaluated in this study were 0.06 μg/ml and 0.125 μg/ml, respectively, which was significantly lower than minimal inhibitory concentrations detected in our study. Similarly, Lismond et al. demonstrated that MIC 50 and MIC 90 for ceftriaxone were 0.03 μg/ml and 0.125 μg/ml, respectively, while MIC 50 and MIC 90 were 0.25 μg/ml and 0.50 μg/ml, respectively for the isolates in our study [10] .
The previous study showed the antimicrobial susceptibility of the total of 2279 invasive and non-invasive isolates of S. pneumoniae collected in eight European countries. For isolates tested in this study, MIC 50 and MIC 90 to amoxicillin were 0.016 μg/ml and 1.0 μg/ ml, respectively, and to cefotaxime 0.03 μg/ml and 1.0 μg/ml, respectively. The lowest values of MIC 50 and MIC 90 for amoxicillin, being 0.016 μg/ml and 0.03 μg/ ml, respectively were detected in isolates obtained in Austria, Belgium and Germany. No isolates non-sensitive to amoxicillin were detected among the isolates from Austria, Belgium and Switzerland [11] . 50 and MIC 90 for amoxicillin-clavulanic acid were 0.75 μg/ ml and 2.0 μg/ml, respectively, and for ceftriaxone 1.0 μg/ml and 2.0 μg/ml, respectively. In non-meningeal isolates, the resistance to ceftriaxone was detected in 3.8% [12] . A rather good sensitivity of S. pneumoniae to amoxicillin suggests that this antibiotic can be used as an initial therapy of respiratory tract infections. However, a study performed in France has suggested that strains may appear with high-level resistance to amoxicillin as the result of selective pressure [4] .
Macrolides are antibacterial agents frequently used for the treatment of respiratory tract infections in children. Moreover, since it is difficult to differentiate the pneumococcal infections of the respiratory tract from the infections caused by atypical organisms, macrolides are often used to treat these infections in pediatric outpatients. Due to simple administration, azithromycin (once a day) is commonly used as an empirical therapy of infections of the respiratory tract in children [13] . The resistance of pneumococci to these antimicrobial agents has been reported together with overuse of macrolides [1] .
Horvat et al. showed increase of resistance of pneumococcal isolates obtained from outpatients of all ages, to erytromycin in the period from 2008. to 2013 [14] . The susceptibility of S. pneumoniae to macrolides in children has already been evaluated in Serbia, and this study included the isolates collected from various body sites. A high rate of resistance to macrolides was observed, ranging from 22.2% in 2004 to 44.9% in 2009. Macrolide resistant pneumococcal isolates showed M phenotype less frequently (27.3%) compared to constitutive MLS phenotype (72.7%) [5] . We detected a much higher rate of resistance to erythromycin and clindamycin in our isolates than in a recent study, that was 78.4% and 70.5% respectively. In our study, M phenotype was detected in only 10.07% of isolates. The majority of tested isolates in this study showed the constitutive MLS phenotype. The detected resistance rates to erythromycin and clindamycin in the studied age groups were similar. There were several possible explanations for this finding: first, our study took place a couple of years later (from January 2012 to July 2014); second, in the present study we evaluated the susceptibility of isolates obtained from the children in another part of the country, south-eastern Serbia; and third, the isolates originated only from aspirates.
A high rate of resistance to macrolides has been detected in some Asian countries, such as China (96.6%), Japan (87.9%), and Taiwan (91.6%) [12, 15, 16] . In contrast to those findings, the data from the studies in India have shown that the resistance of pneumococcal isolates to erythromycin was very low. The resistance of invasive pneumococcal isolates to erythromycin was only 4.2% in India, whereas there were no pneumococcal isolates from children with severe pneumonia that showed resistance [17, 18] .
Reinert et al. have reported the susceptibility to clarithromycin of pneumococcal isolates collected in 31 centers of eight European countries and the resistance in 28% of isolates. The resistance rates showed a degree of variability among the countries. Lower resistance rates were detected in Austria, Germany and Portugal (10.0%; 10.6%; and 10.3%, respectively), in Belgium it was 23.7%, in Switzerland 17.3%, while the highest resistance rates were detected in Italy, Spain and France (35.5%; 43.6%; and 46.1%, respectively). In macrolide resistant isolates of S. pneumoniae, the constitutive MLS phenotype was more common than M phenotype [11] .
In our study, resistance rates to cotrimoxazole and tetracycline (63.7% and 45.8%, respectively) were lower than those to erythromycin and there were no isolates resistant to ofloxacin and rifampicin. In the study of Reinert et al., susceptibility testing of S. pneumoniae to twelve antibiotics was performed and the highest rate of resistance was detected to cotrimoxazole in isolates collected in Austria (11.3%), Germany (14.5%), Italy (41.1%), Portugal (24.1%), Spain (66.5%) and Switzerland (28.9%) [11] .
Reynolds et al. have reported that the largest increase of treatment costs was observed for the patients hospitalized with pneumococcal isolates resistant to erythromycin. The authors estimated that 32% of pediatric outpatients under 18 years of age treated with erythromycin for pneumococcal pneumonia had to be hospitalized due to inadequate treatment. In order to reduce the impact of macrolide treatment failure, the Pediatric Infectious Disease Society has suggested the use of amoxicillin in the treatment of communityacquired pneumonia, while macrolides should be administered only in case of infection with atypical microorganisms [19] .
Conclusion
The susceptibility of non-invasive pneumococcal isolates obtained from hospitalized children was reported in this study. The high rate of resistance of S. pneumoniae isolates detected in our study indicated that macrolides should not be recommended as an empirical therapy of pneumococcal respiratory tract infection in our territory. Opposite to this finding, the susceptibility of all tested isolates to amoxicillin indicated that this antibiotic could be the therapy of choice in pediatric practice. Further research is warranted in order to monitor the trends of sensitivity of S. pneumoniae. It would also be valuable if we could ascertain whether the hospitalization of pediatric outpatients with pneumococcal respiratory tract infection is the consequence of treatment failure.
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